Al-Zn-Mg alloy has been known as one of the aluminum alloys with the good age-hardening ability and the high strength among commercial aluminum alloys. The mechanical property of the limited ductility, however, is required to further improvement. In this work, three alloys, which were added Cu or Ag into the Al-Zn-Mg alloy, were prepared to compare the effect of the additional elements on the aging behavior. The content of Ag and Cu were 0.2at.% and the same as, respectively. Ag or Cu added alloy showed higher maximum hardness than base alloy. The particle shape and rod shape precipitates were observed in all alloys peak-aged at 423K. According to addition of Ag or Cu, the number density of the precipitates increased higher than that of base alloy.
Introduction
The Al-Zn-Mg based alloys are widely used in aircraft and automotive industries for structure components because of their exceptionally high strength to density ratio in the fully aged condition [1] . The usual precipitation sequence for the Al-Zn-Mg alloys is generally described as follows [2] : Supersaturated Solid solution → GP zones → metastable η'→stable η(MgZn 2 ).
At higher levels of Mg, i.e., lower Zn/Mg ratio in the alloy, the T phase (Mg 3 Zn 3 Al 2 or Mg 32 ((Zn, Al) 49 ) may also form [3] . Two types of GP zones, the spherical morphology GP(I) zone and the plate-like morphology GP(II) zone, appear during ageing [4] . The η' phase is the main hardening precipitate [5] . The η phase has nine different orientation relationship between η phase and the matrix [6] . It is well known that the addition of Cu is beneficial to increase maximum hardness [7] . Similar effects are also observed for the alloy containing small amount of Ag [7] . The aim of this work is the fundamental research to know the effect of Cu and Ag addition to Al-6.0mass%(2at%)Zn-2.0mass%(2at%)Mg-0.3mass% (0.3at%)Si alloy on the age-hardening behavior and the precipitates.
Experimental procedure
Al-6mass%Zn-2mass%Mg-0.3mass%Si alloy was used in this study, which was called as base alloy. Base alloy with 0.49mass%Cu and 0.75mass%Ag, which was called as Cu-addition alloy and Ag-addition alloy, respectively. The alloys were cast with permanent mold. Sheets with 1.5 mm thickness and 15 mm width were made by hot extrusion and then rolled to sheets with 1.0 mm thickness. The solution heat treatment at 748K for 3.6ks in an air furnace and quenched into water. The aging treatment was performed at 423K and 473K in oil bath. The micro-vickers hardness was measured with Mitsutoyo HM-101(load: 0.98 N, holding time 15s). Tensile specimens were cut from sheets with 0.8 mm×6.0 mm cross-section and 17.5 mm gauge length. Thin specimens for TEM observation were prepared by electrolytic polishing method and microstructures were observed by Topcon EM-002B operated at 120kV.
Results and discussion
The maximum hardness for these alloys aged at 423K are as follows: base alloy: 130HV, Cu-addition alloy: 157HV and Ag-addition alloy: 159HV. The age-hardening results for the alloys aged at 473K are as follows: base alloy: 74HV, Cu-addition alloy: 114HV and Ag-addition alloy: 128HV. The Cu or Ag addition alloys exhibit higher hardness than the base alloy aged at 423K and 473K. Fig. 1 shows TEM bright field images tree alloys peak-aged at 423K. The incident beam directions are parallel to the [0 0 1] Al direction. Fig. 1 (a) shows results of base alloy. There are rod shaped precipitates and particle shaped precipitates in base alloy. The longitudinal direction of rod shape precipitates are parallel to <1 0 0> Al and 45
• or 27
• from <1 0 0> Al . SAED pattern was consist of some precipitates. These diffraction spots from precipitates can be indexed as the η' phase and η 1 phase. The morphologies of η' phase and η 1 phase are plates on {1 1 1} Al and {1 0 0} Al respectively [6] . The rod shape precipitates parallel to <1 0 0> Al in [1 0 0] Al corresponds to that of η 1 phase. The rod shape precipitates aligning with 45
• from <1 0 0> Al in [1 0 0] Al corresponds to that of η' phase. The particle shape precipitates corresponds to that of η' phase or η 1 phase. The number density of η' phase higher than that of η 1 phase in base alloy. Fig. 1 (b) , (c) shows TEM bright field image in Cu-addition alloy and Ag-addition alloy peak-aged at 423K. The rod and particle shape precipitates were observed in Cu and Ag addition alloys. The precipitates of Cu or Ag addition alloy were finer than that of base alloy. The number density of the precipitates in Cu and Ag addition alloy was much higher than that of the base alloy. The same type of diffraction spot as base alloy was observed in Cu-addition alloy. The η' phase and η x phase were observed in Cu-addition alloy from SAED pattern. In addition, the diffraction spot of GP( ‡T) zone were observed in Cu-addition alloy [4] .On the other hand, the diffraction spot of GP( ‡T) zone and η 1 phase were not observe in Ag-addition alloy. Only the diffraction spot of η' phase was observed. Fig. 2 shows TEM bright image obtained from three alloys over-aged at 473K. The coarse particle shape precipitates were observed in base alloy (Fig. 2 (a) ). The diffraction spots of η 1 phase and T(T') phase were observed in base alloy. Fig. 2 (b) shows the results of Cu-addition alloy. The coarse precipitate and fine precipitates were observed in Cu-addition alloy. The diffraction spots of η 1 phase, T(T') phase and Q(Q') phase were observed in Cu-addition Fig. 2 (c) shows the results of Ag-addition alloy. The rod shape and particle shape precipitates were observed in Ag-addition alloy. The diffraction spots of η 1 phase and η' phase were observed in Ag-addition alloy.
Summary
The age hardening behavior and the microstructure of three different types of the Al-Zn-Mg alloys (Cu-and Ag-addition alloys and base alloy) have been investigated by means of TEM. The main results of the presented study are follows: Cu-and Ag-addition alloys exhibit higher hardness than base alloy. Cu-and Ag-addition alloy contain higher density of precipitates than reference base alloy. Cu-and Ag-addition alloys and reference specimen at peak aged conditions have been investigated by TEM and rot and particle shaped precipitates were observed. Analysis of the SAED patterns indicates that the base alloy contains η' phase and η 1 phase, the Cu-addition alloy contains GP( ‡T) zone, η' phase and η 1 phase and the Ag-addition alloy contains the η' phase peak-aged at 423K. Analysis of the SAED patterns indicates that the base alloy contains η 1 phase and T(T') phase, the Cu-addition alloy contains η 1 phase, T(T') phase and Q(Q') phase and the Ag-addition alloy contains the η' phase and η 1 phase over-aged at 473K.
